. It is significant that nanostructured materials can be controllably assembled into the required geometry onto substrates, becoming the basis of the next generation of components and devices [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . The development of new methods and strategies for organizing the nanoparticle basic building blocks into the desired structures is required. Superlattices made from these building blocks give us the opportunity to study not only the properties of the individual building blocks, but also collective effects. The superparamagnetic iron oxide nanocrystals(NCs) have been used in the fields of bio-medicine, ferrofluids, refrigeration system, catalysis, particularly in magnetic resonance imaging, tissue engineering, and drug delivery applications [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] . Especially, because of the increasing need for high area density storage, the synthesis and characterization of magnetic NCs have been extensively investigated. The assembly of uniform magnetic NCs into well-defined two-and three-dimensional superlattices with spatial orientation and arrangement has attracted much attention because it is critically important to magnetic nanodevices and would bring possibilities to brand-new properties and applications [43] [44] [45] [46] . Until recently, there has been some lack of simple method to produce highly ordered spontaneous organization of magnetic NCs. Here we will report the synthesis of monodispersive Fe 3 O 4 NCs with narrow size distribution, monolayer and multilayer superlattices formed by self-assembly of the as-synthesized NCs during solvent evaporation. The synthesis was carried out via standard airless procedures with commercially available reagents. Phenyl ether (purity 99%), benzyl ether(purity 99%), 1,2-hexadecanediol (purity 97%), oleic acid(purity 90%), oleylamine(purity 70%) and iron(III) acetylacetonate were purchased from Aldrich Chemical Co.
Synthesis of Fe 3 O 4 NCs-2.5 nm: Fe(acac) 3 (0.05 mmol), 1,2-hexadecanediol(2.5 mmol), oleic acid(1.5 mmol), oleylamine(1.5 mmol) and phenyl ether(20 mL) were mixed and magnetically stirred under a flow of nitrogen. The mixture was heated to 200 °C for 25 min and then, under a blanket of N 2 , heated to reflux(250 °C) for another 30 min. The black-brown mixture was cooled to room temperature. Under ambient conditions, ethanol(60 mL) was added to the mixture, and a black material was precipitated and separated via centrifugation. The black product was dissolved in methanol(40 mL) and precipitated via centrifugation, and then redispersed into hexane. 3 (2 mmol), 1,2-hexadecanediol(10 mmol), benzyl ether (20 mL), oleic acid (2 mmol) and oleylamine(2 mmol) were mixed and magnetically stirred under a flow of N 2 . Then 75 mg of Fe 3 O 4 NCs-6 nm dispersed in hexane(4 mL) was added to it. The mixture was first heated to 100 °C for 30 min to remove hexane, then to 290 °C for 0.5 h. The black-colored mixture was cooled to room temperature. Based on the workup procedures described in the synthesis of 2.5 nm particles, a Vol.30 black-brown hexane dispersion of Fe 3 O 4 NCs-12 nm was produced.
The products were characterized with transmission electron microscope(TEM, Hitachi H-8100) at an accelerating voltage of 200 kV, selected area electron diffractometer(SAED) and powder X-ray diffractometer(XRD, Bruker, D8 Focus) under a Cu Kα radiation(λ=0.15406 nm), and magnetic characterization was conducted on a vibrating samplemagnetometer(VSM, LDJ, 9600-1) at 300 K.
Three colloidal solutions with concentrations of Fe 3 O 4 NCs of 0.008 and 0.012 mol/L in hexane were selected to make superlattices. 0.5 mL of Fe 3 O 4 NCs in hexane was deposited onto the carbon-coated copper grids substrates by drop coating. The coated products were dried at room temperature under undisturbed conditions for 1 h. Fig.1 3 and surfactants, and particle diameters increased in each seed-mediated reaction, allowing diameter to be tuned up to 12 nm. Fig.2 is the SAED pattern acquired from a 6 nm nanoparticle assembly. Table 1 Structural information of Fe 3 O 4 NCs was obtained from both electron and X-ray diffractions. Fig.3 shows the XRD patterns of the Fe 3 O 4 NCs of 4 and 6 nm diameters. The XRD patterns exhibit strong reflection peaks in the 2θ region of 10°-80°, assigned to the (111), (220), (311), (400), (422), (511), (440) and (553) reflections, matching well with the inverse spinel structure of magnetite(Fe 3 O 4 ). As the particle sizes get larger from 4 nm to 6 nm, the XRD peaks become narrower, and the particle sizes calculated from the Scherrer formula are in agreement with those obtained from the TEM data, and the orderliness is suitable for 2.5 and 12 nm Fe 3 O 4 NCs.
Their hysteresis loops are illustrated in Fig.4 and the negligible remanence and the coercivity are indicated for four samples. The superparamagnetic properties of the NCs mean the net magnetization of the particle assemblies in the absence of an external field is zero. The saturation magnetization was determined to be 208.8, 245.0, 301.0 and 345.5 kA/m for 2.5, 4, 6 and 12 nm Fe 3 O 4 NCs, respectively. The lower value for small size Fe 3 O 4 NCs has been attributed to the defects due to the large surface area [47] . The monodisperse Fe 3 O 4 NCs with a diameter of 6 nm were deposited by slow evaporation of the hexane solvent on carbon-coated copper grids. The NCs were self-assembled to form highly ordered array (Fig.5) . As the concentration of Fig.5(B) ], highly ordered superlattices of larger area were obtained. The drop coating was used in drying-mediated self-assembly. And the self-assembly mechanism is kinetically driven, late-stage drying-mediated, or both the substrate-liquid and liquid-air interfaces mediated one. During the process of superlattice formation, the surface tension, attractive van der Waals forces, and magnetic interaction among the superparamagnetic NCs were considered to be responsible for the self-assembly of Fe 3 O 4 NCs. For the ordered structure, the uniformity of the particle sizes is necessary. Fig.5(B) shows an ordered area of about 0.3 μm×0.4 μm with superlattice extending, and similar island morphology forms on the substrate. The dewetting surface may be responsible for the island structure. The dewetting causes the holes to open up in the liquid layer, and the particles to move outward, away from the holes as the liquid evaporates, forming three-dimensional islands. It can be expected that under the improved conditions including the selection of solvent, chemical modified surface, adjustment of substrate temperature and so on, the large-area highly ordered assembled magnetic film will be obtained. NCs via self assembly of have been achieved by slow evaporation. It is believed that the larger-area highly ordered assembled magnetic film will be obtained under improved conditions. We also expect that the magnetic superlattices can be applied in magnetic nano-devices.
